Purpose The objective of this study was to compare tumor characteristics, biomarkers, and surrogate subtypes of breast cancer between Sudanese and German women.
INTRODUCTION
Breast cancer (BC) is the most common malignancy in women and is the primary cause of cancer mortality in developed countries and most developing countries. In developing countries, the incidence is relatively low compared with developed countries; however, mortality rates are alarmingly high.
1,2 BC is a highly diversified cancer in terms of its clinical presentation, morphology, molecular markers, prognosis, and treatment outcome.
BC in African and African American women is commonly an aggressive disease. Many studies have described that native African, African in diaspora, and African American women present at an earlier age, with higher grade, advanced stage, and with higher hormone receptor (HR) -negative rates than their white counterparts. [3] [4] [5] [6] African-based studies have reported high proportions of estrogen receptor (ER) -and progesterone receptor (PR) -negative BCs-for instance, 76% of BC cases in Nigeria, 6 Ghana, 7 and Kenya 8 ; 65% of cases in Uganda 9 ; and 61% of cases in Mali 10 were found to be ER negative. Recent studies, however, have shown relatively low proportions of ER-and PR-negative BC: Ethiopia (34.7%), 11 South Africa (37%), 12 Sudan (36%), 13 Nigeria (35%), 14 and Eritrea (32%). 15 These recent findings are comparable with that from African American premenopausal women in the Carolina Breast Cancer Study (39%). 16 A recent systematic review and meta-analysis in Africa showed that the proportion of ER-and PR-negative and human epidermal growth factor receptor 2 (HER2)-positive BC in Africa is highly variable. The review proposed that young age, high grade, retrospective assessment, tissue collection, early year of diagnosis, and place of origin (West Africa) were contributing factors to HR-negative BC. 17 The taxonomy of the molecular subtypes of BCluminal A and B, HER2 overexpressing, and basal like-that was described first by Perou et al 18 in 2000 has revolutionized the management of BC, and these subtypes are independent prognostic markers. Luminal A and B are more common in older white women and have a good outcome and prognosis. 19, 20 Conversely, HER2-enriched (ERand PR-negative and HER2-positive) and triplenegative BCs (TNBCs; negative for ER, PR, and HER2) are 85% concordant with the basal-like subtype and have poor outcome. 21 TNBCs are often poorly differentiated, insensitive to hormone therapy, and have a poor prognosis and outcome. TNBCs are usually treated with radiochemotherapy, whereas HER2-enriched BCs are candidates for HER2-targeted (trastuzumab) therapy. TNBCs have been found to be more dominant in younger women and in African women or those of African descent. Studies have shown that these intrinsic subtypes show remarkable variation in terms of race and ethnicity, geographic distribution, survival, and therapeutic response. 16, 19 The racial and geographic variation could be a result of demographic structure, reproductive patterns, access to health care, and intrinsic biologic factors. These regional and ethnic variations warrant a more thorough determination of biomarkers as part of routine assessment 22 and personalized medicine in BC treatment.
A few studies have shown tumor characteristics and biomarker distribution between native African women and white women. Amadori et al 23 found that Tanzanian women had a higher histologic grade and proliferative index, advanced stage, and higher ER-and/or PR-negative BC than white Italian women. Another two studies that compared Sudanese women with Italian women 13 and Ghanaian women with Norwegian women 24 found a similar proportion of ER and PR positivity in both African and European women, although African women presented at a younger age, with higher grade, and more advanced stage. These few studies were conducted in small populations with sample sizes of 114 and 51.
The purpose of this study was to compare tumor characteristics and the distribution of ER, PR, and HER2 biomarkers and their derived intrinsic subtypes of BC in a large case series among Sudanese and German women.
METHODS

Data Collection
Ethical approval was obtained from the research committees of both institutions. Data were retrieved by using a standard protocol from the Histopathology Department of the University of Gezira and electronically from the Breast Clinic at Martin-Luther-University (MLU). This study was a retrospective, facility-based consecutive case series from 2010 to 2015 for Sudanese women and 1999 to 2013 for German women-all women with histologically confirmed invasive breast carcinoma and ER, PR, and HER2 results available were included in the study. Demographic data and tumor characteristics were obtained from medical records, and HR status (ER and PR) and HER2 expression were determined by using a standard method. Tumor grade was assessed according to the modified Nottingham Bloom-Richardson grading system. 25 Tumor size and nodal status was described according to the TNM classification. 26 
Study Setting
Sudan, the largest country in Africa, is located in the northeast of Africa with diverse ethnic groups, including African, Arab, and African-Arab tribes. The state of Gezira has approximately 4 million inhabitants; the University of Gezira histopathology laboratory is the only public institution that serves this state. The department of gynecology at MLU is a certified breast center that serves the population of Halle and its surrounding areas.
Immunohistochemistry
For Sudanese women, ER, PR, and HER2 immunostaining was performed manually at the Gezira University pathology laboratory using standard immunohistochemistry (IHC). In brief, formalinfixed, paraffin-embedded breast tumor blocks were obtained and 4-mm tissues were sectioned, deparaffinized, and rehydrated. Antigen retrieval was performed by using a water bath in 10 mM citrate buffer (pH 6.0) at 95°C for 45 minutes and blocked with 3% hydrogen peroxide in phosphate buffered saline. Tissue section was permeabilized and blocked with blocking agent (BioGenex, Kent, United Kingdom), then incubated for 1 hour with primary antibodies at room temperature: anti-ER (clone EPR703; BioGenex), anti-PR (clone PR88; BioGenex), and anti-HER2neu (clone CB11), followed by biotinylated horse anti-mouse or goat anti-rabbit secondary antibodies. Staining was visualized by using diaminobenzidine and counterstained with hematoxylin.
For Halle patients, IHC was performed at MLU as follows: 4-mm paraffin-embedded sections were prepared and tissue sections were boiled in 10 mM citrate buffer (pH 6.0) for 10 minutes followed by cooling at 25°C. Sections were covered with monoclonal mouse anti-human ER (clone 1D5; Zytomed Systems, Berlin, Germany), monoclonal mouse anti-human PR (clone 636; Dako, Carpinteria, CA), and HercepTest (Dako) for HER2/neu by using a semiautomated system (IntelliPath; Biocare Medical, Pacheco, CA).
ER and PR were considered positive if >1% nuclei of tumor cells stained according to the ASCO/ College American Pathology guidelines 22 for both the Sudanese and German patients. HER2 was scored as 0, 1+, 2+, or 3+. Fluorescent in situ hybridization was not performed for intermediate 2+ HER2 in both groups; only a score of 3+ was considered HER2 enriched, whereas scores < 2+ were assumed to be HER2 negative. Furthermore, Ki-67 was not assessed to evaluate mitotic index Subtypes were defined as luminal A-like (ER-and/ or PR positive and HER2-negative), luminal B-like (ER-and/or PR-positive and HER2-positive), HER2 type (ER-and PR-negative and HER2-positive), and triple negative (ER-, PR-, and HER2-negative). 28, 29 Data analysis was performed by using SPSS for Windows version 19 (SPSS, Chicago, IL). Tumor characteristics and biomarkers of Sudanese and German women were compared across BC subtypes by using the x 2 test for categorical variables. Logistic regression analysis was used to determine the odds ratio (OR) to evaluate the effect of age, tumor size, grade, and histology on the probability of ER-positive tumors or tumor subtypes. All P values were based on two-tailed tests of significance, where P , .05 was considered statistically significant.
RESULTS
A total of 2,492 women with invasive BC-1,932 from Halle, Germany, and 560 from Gezira, Sudan-were included in this cohort study.
As noted in Table 1 , the age range for Sudanese and German patients was similar, but Sudanese women, on average, were diagnosed 10 years earlier than German women. The majority of Sudanese women who were diagnosed with BC were younger than 50 years of age, whereas the majority of German patients were age older than 50 years of age (Fig 1) .
The most frequent histologic type of cancer in both the Sudanese and German women was invasive carcinoma of no special type. Invasive lobular carcinoma was three times more common in German patients. Aggressive histologic subtypes, such as primary invasive squamous carcinoma were only reported in Sudanese women (n = 2). More than one half (56.3%) of German patients had a tumor size of < 2 cm; fewer Sudanese patients (15.5%) had tumors of this size. Sudanese women presented with higher stages of BC (four times higher for T3 and three times higher for T4) than German women. Similarly, Sudanese women presented with poorly differentiated tumors (two times as many cases of grade III BC, but six times fewer cases of grade I) compared with German women. German women had a higher proportion of node-negative disease (65.7%) compared with Sudanese women (47.3%).
A significant difference was observed in ERnegative and/or PR-negative BC (54% v 21%; P = .001) between Sudanese and German patients. ER-and PR-negative rates of Sudanese patients were 55% and 62%, respectively, compared with ER-and PR-negative rates of 22.2% and 32%, respectively, in German patients. HER2 expression was higher in Sudanese women than in German women at 28.7% and 17.5%, respectively.
In logistic regression multivariate analysis adjusted for age, origin, grade, and histologic type, it was noted that Sudanese women had a two-fold higher risk for ER-negative BC (P , .001; OR = 2.01) compared with German women. Women age < 50 years were more likely to develop ERnegative BC (OR = 1.28). Of note, women who were diagnosed with grade II BC had a 4.5-fold higher risk of ER-negative BC compared with those diagnosed with grade I BC. Surprisingly, the risk was extremely high (OR, approximately 20) for those who were diagnosed with grade III BC. Similarly, there was a notable increase in the risk of ER negativity as tumor size increased. Women who were diagnosed with T2 BC had a 1.5-fold higher risk of ER-negative tumors compared with those who were diagnosed with T1 BC, and risk was slightly higher for those diagnosed with T3 and There was no significant association between ER negativity and lymph node metastasis (Table 2 ).
For sensitivity analysis multivariate logistic regression, we stratified by tumor grade and adjusted for origin, age, tumor size, and nodal status (Table 3 ).
In grade I and II tumors (n = 1,827), the strongest predictive factor for ER-negative disease was Sudanese origin (OR, 3.51), followed by larger tumor size (OR, 2.91 for T3 tumors). In grade III tumors (n = 658), neither origin, nor tumor size predicted ER status; however, invasive lobular carcinomas were more likely to be ER positive, even in poorly differentiated cancers (OR, 0.12).
Our study revealed significant differences in the percentage of molecular subtypes of BC between the two ethnicities. German women had a higher rate of luminal A and a lower rate of more aggressive types of BC (HER2 and TNBCs).
Regarding tumor characteristics in relation to molecular subtype (Table 4) , approximately three quarters (74.1%) of Sudanese women with TNBC were < 50 years of age, whereas German women were > 50 years of age.
Approximately 73% of Sudanese women and 90% of German women had Luminal A subtype with grade I and II BC; however, German women had fewer luminal B type BCs (25%) with grade III BC than Sudanese women (65%). There were no differences in tumor grade with HER2-enriched and TNBC subtypes in both groups. There were notable differences in tumor size and lymph node metastasis among BC subtypes between the two ethnicities (Table 4) .
DISCUSSION
This study was a large hospital-based case series that compared BC between African (Gezira, Sudan) and white (Halle, Germany) patients. The study revealed that Sudanese women were younger and had worse prognostic pathologic markers, such as larger tumor size, higher grade, frequent positive lymph node status, and HR-negative status, compared with German women, which is consistent with previous findings. [6] [7] [8] [9] We also found that women with larger tumor size and younger age (age < 50 years) were more likely to develop ER-and PR-negative BC. When the case series was stratified for grade, Sudanese origin and larger tumor size demonstrated a significant risk for ER-negative BC in patients with grade I and II tumors, but not in grade III tumors, which suggests that poorly differentiated breast tumors are an independent risk factor for ER-negative status.
We noted a higher proportion of ER-and PRnegative BCs compared with recently published studies in Africa. [11] [12] [13] [14] [15] 29, 30 Publications that directly compared African and white patients show differences in ER status of various magnitudes. Similar to our findings, the result of a higher rate of receptor-negative BC was reported in Tanzania compared with Italian patients 23 ; however, the investigation that compared Sudanese women (from a single institution in Khartoum) with Italian women (from Milan, Italy) 13 and, similarly, Ghanaian women with Norwegian women reported minimal difference. 24 The latter could, in part, be a result of the inherent bias of small sample size case series. Our Sudanese patients had almost two times more HER2 overexpression than did German women; a similar figure was reported between Swiss women and Saudi Arabian women. 31 The main predictive factor of a high proportion of ER-negative disease was the proportion of grade III tumors. Eng et al 17 suggested that African ethnic origin could increase the prevalence of ER-and PR-negative disease to some extent. Nonbiologic factors, such as young age at diagnosis, premenopausal status, reproductive pattern (high parity and breast feeding), socioeconomic status, and feeding habits, have been documented as risk factors for ER-negative BC and contribute to geographic variation. 6, 11, 17, 21, 30 In our case series, we adjusted for tumor grade and other factors, but still we found differences in receptor status between Sudanese and German patients that implies color difference contributes to disparity of BC.
We also found a significant association between histologic grade and ER negativity, regardless of origin, age, tumor size, and nodal status. Sudanese women with BC had a lower tendency to acquire well-differentiated (grade I) cancer (3.6% v 18%) and had a higher predisposition for poorly differentiated (grade III) cancer (42% v 22%; P , .001) compared with German women. This could explain the absolute excess of ER-negative BC in Sudanese women, as poorly differentiated BCs are more likely to be HR negative. A study has shown that grade I and III invasive ductal carcinomas have distinct genetic pathways 32 and different gene expression profiles with minimal overlap. 33 This suggests that Sudanese women may have inherent genetic factors that contribute to the development of more aggressive, poorly differentiated HR-negative BC. In contrast, it has to be considered that the German population may have an additional large proportion of well-differentiated (GI) cancer that is ER positive, which is different from the Sudanese population. This is consistent with previous studies that revealed that white women develop more well-differentiated tumors than women of other ethnicities. 13, 33 Sudanese women had a lower percentage of luminal A and a higher rate of the more aggressive BC phenotypes, HER2-enriched BC and TNBC, compared with German women. This finding is similar to that noted for Nigerian women, 6, 14 other East African reports (Uganda and Tanzania), 23, 34 and North Africa (Egypt). 35 Many studies have reported that TNBCs are the dominant phenotype in native African women 6, 15, 34 and African Americans compared with white women. 16, 36 Our findings support the existing reports, 6, 23, 34 although a previous single study from Sudan 13 has reported much lower rates of ER-and PR-negative BC than our current study. The basal-like and TNBC subtypes are considered more common in younger women; associated with multiple live births, aggressive clinicopathologic and biologic prognostic markers, as well as hereditary BCs with BRCA1/2 gene mutations. 37 These risk factors and adverse prognostic markers were documented in Sudanese women, but not in German women. BRCA1/2 was not investigated in this study; however, previous case series studies from the same study area in Sudan have reported significant novel BRCA1/2 mutations. Tissue fixation (prolonged warm and/or cold ischemia) and technical variations in IHC (staining and scoring) are claimed to contribute to variations in biomarkers. 17, 22 If this is the case, many patients may have been missed and treated unnecessarily with more aggressive regimens when simple endocrine therapy could have sufficed; however, this suggestion is counter-argued by some investigators. A study that controlled for fixation and analytical variables appropriately revealed high ER negativity. 6 Other supportive findings are the disparity between African American and white American women. 16, 35 We found a similar proportion of ER-negative disease in grade III tumors among Sudanese and German women. In cases of severe technical variation, we would have expected to find differences in ER status in patients with grade III BCs; therefore, this may point toward some reliability in the technical procedures in our study, but detail gene analysis is needed to confirm real biologic differences.
These adverse prognostic factors in African women could be explained by the lack of early screening programs, poor health care facilities, and poor health-seeking behavior. As a result of late presentation and being a long-standing tumor without intervention, BCs in African women could possibly undergo tumor progression and may eventually develop aggressive behavior, thereby allowing the cancer to become enlarged, poorly differentiated, and likely to metastasize to the lymph nodes. However, in our study, differences persist even after adjusting for tumor stage, which suggests that this is a result of inherent tumor behavior rather than tumor dedifferentiation over time.
The disparity in the proportion of molecular subtypes between Sudanese and German women could be a result of both nonbiologic and inherent biologic factors, although a systematic study to establish the exact etiology is needed. Environmental factors, such as exposure to insecticides and agricultural pesticides, 39 hydrocarbons 40 and viral and parasitic infections, could possibly induce Sudanese women to develop more aggressive disease. These factors could modulate the immune and tumor microenvironment. For instance, the relationship between malaria and Burkitt's lymphoma is well documented. 41, 42 It is also time to investigate the molecular pathways and genetics in African women with BC in collaboration with other international research networks to reveal underlying biologic differences.
The strength of this study is the large sample size and availability of a range of clinical and pathologic information in individual patients. The limitations of the study include retrospective data collection in the hospital setting, but as both centers serve the surrounding population, we do not assume a selection bias. Fluorescent in situ hybridization was not performed for HER2 equivocal results and was solely determined by IHC. This could underestimate HER2-positive BC. Moreover, laboratory procedures were performed in two different laboratories, possibly leading to technical differences. Because the proportions of ER-negative disease were similar in grade III tumors, we do not assume a high fraction of false-negative results.
In conclusion, there was a remarkable difference in tumor characteristics and biomarkers between Sudanese and German cohorts. Sudanese women with BC had a higher proportion of aggressive tumor types (TNBC and HER2) than did German women. This may point toward a difference in the underlying tumor biology.
